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ABSTRACT

This is the fifth of a series of reports on the protection of mooring buoys.
Fourteen test buoys were given their fourth rating for extent of coating deterioration,
corrosion of steel, and fouling. A fifteenth buoy had been removed from test at the
time of the fourth inspection because of its advanced deterioration. The coating
systems on ej the buoys were in good condition and the six other coating systems
showed varying degrees of moderate deterioration. Two sets of thirteen test panels
coated with the different coating systems used on the buoys were given their thira
rating inspection ofter 18 months >f exposure. One set was exposed in San Diego Bay
and the other in Port Hueneme Harbor. The condition of the coating system: on
Port Hueneme test panels showed a general correlation with those on San Diego test
panels and buoys. In addition to environmental deterioration on buoys and test
panels, the buoys were abraded by mooring naval vessels. The galvanic corrosion of
rivet heads observed on most of the Mark | buoys during the last inspection had not
worsened to any significant extent. On those buoys with an antifouling coat, very
little antif ‘ling protection remained after 20 months, but on the test panels two
antifouling coatings were still retarding fouling after 18 months.

Three of the test buoys were cathodically protected with a system using a
sacrificial magnesium anode, a control head, and ¢ remote ground cable. Although
the potentials produced on these buoys by this system were outside of the range
desired for complete protection, the system allowed only light rusting and no pitting.
When the system on each of these buoys was modified by replacing the magnesium
anode with o zinc anode united directly to the ground cable, potentials reached the
desired magnitude.

Copies available ot OTS §1.25
Qualifiad requesters may obtain copras of this report from ODC.
The Laboratory invites comment on this report, porticulorly on the
results obtained by those who have appliad the information,
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INTRODUCTION

Because the presently specified coatings fcr mooring buoys have performed
unsatisfactorily, the Bureau of Yards and Docks assigned the Naval Civil Engineering
Laboratory 1o find o develop battor corrssion protection for fleet mooring buoys.

The assignment includec' protective coatings and cathodic protection.

A field test program was initiated in San Diego with fifteen peg-top riser-chain
mooring buoys (Mark | or Mark Il). Thirteen different coating systems were used, and
a cathodic protection system was installed on one buoy of each of three pairs used in
this part of the test program. The results of the program are published in a series.
Technical Report R-246,1 the first in the series, described the application of pro-
tective coatings and the installation of the cathodic protection system. Technical
Report R-258,2 the second in this series, described the condition of buoys and coatings
at the time of their first rating inspection. Technicai Report R=291,3 the third in
this series, described their condition at the time of their second rating inspection,
and the condition of sets of steel test paneis coated with the same protective coatings
applied to the buoys, after 6 months of exposure in either San Diegc Bov or
Port H eneme Harbor. Technical Report R-314,4 described the condition of the buoys
at the time of their third rating inspection and the condition of the panels after 1 year
of exposure. This, the fifth report, describes the condition of the buoys at the time
of their focrth rating inspection and the condition of the panels after 18 months
of exposure.

SERVICE CONDITIONS

Fifteen test mooring buoys were placed in an area of Norin San Diego Bay that
receives heavy service from the fleet. Some of the buoys were bodly damaged by
overriding vessels and by the obrasion of mooring lines and securing assemblies.

Because it was necessary to place the test buoys in service o few at a time,
cnd because there were long delays in obtaining acceptable specification coatings,
the test buoys were placed in service over a considerabie period of time. One set
of thirteen panels was suspended from a pier in San Diego Bay and the other from a
pier in Port Hueneme Harbor. A portion of eoch pane’ was continuully submerged,
another portion was subject to tidel changes, ond a third portion was continually
exposed to the atmosphere. The panels were not exposed to their harbor environments
ot the same time as the buoys. They were kept in storage until all of them had been
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coated, and then were all piaced in test ot the same time, rather than over a é-month
period as were the buoys. At the time of their third rating (described herein), they
had been exposed ror 18 months.

INSPECTION PROCEDURE

Each of the test mocring buoys was inspected after it had been lifted onto the
deck of a floating crone. The umount of fouling was determined, the types of organ-
isms were recordey, and fruling damage to the coating was noted. Two independent
ratings of the condition of each buoy and its protective coating cystem were made i
the atmospheric, splash, and submerged zones. After the fouling was examined, the
cone and splash zon - of each buoy were washed with a high-pressure stream of sea
water to remove the fouling and expose any coating damage.

To determine the amount of additional potential produced on cathodically
protected buoys, electrical potential me. ;urem nts were made on buoys with and
without cathodic protection. The coating deterioration and corrosion damage of the
three cathodically protected buoys was compared to that of the control buoys.

Two independent ratings were also made of the condition of the coating systems
on the steel test panals exposed in San Diego Boy and Port Hueneme Harbor. Fouling
organisms were carefully remos ~d from one side of each test panel with a wooden
scroper and a stiff brush befoi > rating the coating condition in the fouled area.

RATIMG CRITERIA

As far as possible, the methods of rating the coatings on buoys and test panels
were those published by the American Society for Testing ond Materials.? These
published methods define the conditions rated and give photographic reference
standards. Thus, chalking, blistering, checking, cracking, flaking, erosion, and
rusting were rated from 0 to 10 by ADTM methods D-659-44, D -714-56, D-660-44,
D-651-44, D~772-47, D-662-44, and D-610-43, respectively. A rating of 10 usually
describes ¢ perfect condition, and a rating of 0, a completely deteriorated condition.
Blistering frequency was rated as none (N), few (F), medium (M), mecdium dense (MD),
or dense (D). S.rface area covered by fouling (plont, animal, or combined fouling)
was rated from O (100 percent covered) to 10 (0 percent covered). Color of the top-
coat on the b was also rated from 0 to 10; 10 indicates pure white with no
yellowing ¢ =+ Jiscoloration (except rust streaks from uncoated bolts), and O
indicotes a color unocceptable to the U. S. Coast Guord.

Frequency of use of buoys by the fleet was roted as light (0 to 2 doys per weex),
medium (2 to 4 days per week), or heavy (4 to 7 days per week). Two types of moor-
ings were made to the buoys. Some provide bow and stern moorings only, and the
rest provide either bow and stein or free-swinging moorings.
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The overall condition of each buoy and its coating system was rated as
excellent (in essentially the same condition as when first placed in service); goud
(very minor deterioration); fair (a significant amount of coating deterioration and,/or
rusting but still in serviceable condition); poor (coating deterioration and rusting
serious enough to lead to an early removal from service).

The coating system on each test panel was given an overall rating from 0
(minimum) to 10 (maximum) depending upon both the condition of the entire coating
system and the protection afforded to the steel. It was much easier to rate the over-
all coating conditions on the panels than on the buoys because the panels were not
abraded in mooring service.

CONDITION OF BUQOY COATINGS

Toble | describes each coating system. The overall ratings ond lengths of
service of buoy coatings are summarized in Table |l. The proprietary sources of the
coatings tested are listed in References 2 through 4. Ratings of specific conditions
of coated test buoys are given in Appendix A,

Coating System 1: Urethane

The buoy with Coating System | had detecioroted un!y siightly more since the
previous inspection.4 The golvanic corrosion of rivet heads had not increased signif-
icantly. The patches of underwater-curing epoxy that had been applied to underwater
abraded areas 18 months before (Figure 1} were still in relatively good condition.

On o few of these potches, where lifting of the edges from the cooting was previously
noted,3:4 a portion of the lifted edge had been chipped off by abrosion. In no case,
however, was there loss of epoxy where it was bonded directly to the steel. The
epoxy patches were still fully protecting the steel previously exposed when tre
coating was damaged. An underwater portion of the buoy had been abroded since

the previous inspection, ond the exposed steel was rusting, The bare steei was
cleaned by power wire brushing, and the surrounding undomaged cocting was scrubbed
with o stiff brush, The cleaned metal and one inch of the surrounding cooting were
covered (Figure 2) with the underwater-curing epoxy2 previousl, applied to this
buoy.

There wos more fouling on this buoy than on the others, but the orgonisms
were similar. Bamacles, mussels, und green clgoe were present in the splash zone;
tunicates, bomacles, hydroids, bryozoa, mussels, and tube worms were present 'n the
submerged zone. Specific species of fouling orgonisms identified on test buoys were
listed in TR-291.3 None of the coating systems in good o1 good-~fair condition were
domaged by fouling.
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Figure 1. Underwater-curing epoxy patches (see arrows) on System |
buoy. Note fouling still clinging to patches ofter high-
pressure hosing.

F:yure 2. Patching damaged arec ot System 1 buoy with
underwater-curing epoxy.
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Coating System: 2: Epoxy

The buoy with Cooting System 2 had very little coating detericration (Figure 3).
Trie slight rusting in the atmespheric zone was resitictad o areas abraded by the
securing Jssembiy; that in the submerged zone was restricied fo a few rivet heads.
A cent hod been knacked into cne of the steai plates in the submerged zone, but
this did not damage the coating.

Coating System 3: Epoxy-Polyester

The buoy with Coating System 3 was in 2ssentially the some condition (Figure 4)
as ot the previous inspection. The yellow epoxy primer was continuing to profect
the stee! from corrosion in oreas witere much of the palyaster topcoat had been fost,
The side of the buoy was considerably streokad with rust from behind ack-weldes
flanges and from cbraded areas.

Cocting System 4: Epoxy - Coal Tar Epoxy

The buoy with Cocting System 4 was in essertialiy the same condition (Figure 5)
as af the previous inspection. The delomination of the topcoat and seal coat {Figure &)
had increased only slightly, and the underlying epoxy primer and coal tar epoxy were
providing good protection to the steel.

Coating System 5: Coa! Tor Epoxy - Phenclic

The overa!l condition of the Coating System 5 buoy was similar to thaot noted
in the previous inspection. At that time there was some concem over the advanced
galvanic corrosion of abraded rivet heads. These rivet heads had not lost much more
metal since then. There was considerable abrasion domage on the top of this lightly
fendered Mcrk | buoy. Some of these damaged areas had been patched with
underwater-curing epoxy 18 months earlier. Several of these patches (Figure 7) had
been partially chipped away by further abrasion from the securing assembly.

Coating Systems & and 5C: Fhenolic Mastic

Coating Systems 6 and 6C were identical, but the 4C buoy was cathodically
protected. The abraded top end rivet heads (Figure 8) in the submerced portion of
the System 6 buoy had not deteriorated significantly further since the lasi ‘nspectic -
A. yeur before, the System 6C buoy had been rather extensively abroded by a ship;
these abraded areas continued to show -usting but no pitting either above or below
{(Figure 9) the water line.




Figure 4. System 3 buoy after iemoval of fouling.
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igure 5. System 4 buoy after removal of fouling.

igure 6. Delamination area of System 4 buoy. Note fouling on the
coal tar coating, even though the coating is providing good
protection to the steel.
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Figure 7. Top of System 5 buoy. Note abrasion of coating system and
epoxy patches.

Figure 8. Riveted seam of System 6 buoy showing abraded rivet heads
with galvanic corrosion.
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Figure 9. Abraded underwater portion of System &C buoy.

System 7C: Phenolic

Tne fouling on the Coating System 7C buoy (Figure 10) was of o type and
intensity similar to that on test buoys without antifouling paint. Growths of barnacles
snd tunicates were relatively heavy, and there were mussels, hydroids, green clgae,
and tube worms to a lesser degree. The yellow primer had been exposed in many
ploces on the submerged portion of the buoy where the antifouling paint had eroded,
but this had not permitted any rusting. The pin-point rusting previously noted? in
the atmospheric and splash zones had not advanced significantly since the previous

inspection.
System 8: Phenzlic-Alkyd

The coating system on the submerged portion of the System 8 buoy (Figure 11)
was identical to that ot the System 7C buoy. Consequently, the fouling on both
buoys was similor. The System 8 buoy, however, had lost less ontifouling coat, so
less yellow primer was exposed. The pin-point rusting ond abraded areas previously
noted on the buoy3:4 showed no further significont corrosion since the previous

inspection.
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Figure 11. System 8 buoy before removal of fouling.
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Coating System 9: Vinyl

The amount of fouling on Cen System @ buoy (Figure 12) was medium. The
heavy growih of green algae was due to tne fact that the Mark | buoy rode lower in
the water than did the Mark Il buoys (Systems 7C and 8). Other fouling organisms
on these three buoys were identical in species. When the System 9 buoy was hosed
off, several small spots of --inyl primer were exposed where antifouling paint washed
off with mussels.

The slight rusting caused by abrasion had not increased much since the previous
insnection. A ship hod dented a steel plate in the subimcrged zone, but this had not
damaged the coating.

Coating Systam 10: High-Body Vinyl

The blistering and rusting in e!l thice zones of the System 10 buoy had not
deteriorated appreciably further (Figure 13) since the previous inspection. Maony of
the blisters were broken by the high-pressure hosing, exposing bare metal. Both
fenders on the side of the buoy had been broken by the impazt of o naval vessel.

Coating System 1i: Vinyl Mastic

Because of advanced corrosion, the Coating System 11 buoy was removed from
test at the time of the previous inspection.

Coating System 12: Inorganic Zinc Silicate =\"'nyl Mastic

The Coatiry System 12 buoy was essentially free of corrosion in all three zones
(Figure 14). The only corrosion noted was where portions of the top edge had been
abraded by mooring lines. Although approximately half of the primer and topcoat
had been lost from the submerged portion of the buoy aofter 6 months of service, the

underlying inorganic zinc :ilicate was still preventing corrosion 18 months later
(Figure 15).

Coating Systems 13 and 13C: Saran

Coating Systems 13 and 13C were identical, but System 13C was applied *o a
cathodically protected buoy. There was rust on both buoys (Figures 16 and 17) in the
atmospheric ond splosh zones, either pin-point rusting or rusting initiated by coating
abrasion. The System 13 buoy also had rust ‘n the submerged zone, but in this portion
of the System 13C buoy rust occurred only on the squore of steel exposed by wire
brushing to test the cathodic protection system. The 13C buoy had been struck by o
ship that bent the cathodic protection unit, but this damaged neither the cooting noi
the cathodic protection system,

13




Figure 12. System 9 buoy before removal of fouling.

Figure 12. System 10 bu~v ofter removol of fouling.
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Figure 15. Deterioroted portion of System 12 buoy, showing the topcoot
(white), the primer {dark brown), and the inorgonic zinc
silicote (groy).
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Figu.e 17. System 13C b.oy betoie remcval of fouling.
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CONDITION OF COATED PANELS

The coating system on each test panel is rater in Table Ill, ond the ratings of
specific conditiors are given in Appendix B.

Although not noted in Appendix B, numerous small shrimp were present in the
fouling on a!l San Diego panels. Th~se shrimp were living among the fouling organ-
isms and not attached directly to the panels; thus, they represer:ted no fouling problem
but indicated thct o change had occurred in the environment.

Coating System 1: Urethane

Both urethane-coated panels were in excellent condition. The only sign of
deterioration was a few pin-point rust spots in the atmospheric zone of the
Port Hueneme panel.

Coating System 2: Epoxy

Othe: than loss of the antifouling coating, neither epoxy panel showed any
coating deterioration, and there was no rust on either panel.

Coating System 3: Epoxy=-Polyester
. 4 . - . - '

As previously reported, when the antifouling coat (identica! o that of
System 2) was lost from System 3 panels it took the polyester coats with it, exposing
the underlying epoxy primer. This primer has continued to prevent rust on the
San Diego ponel and has permittec only slizht rusting on the Port Hueneme panel.
There was sti!! no blistering on the San Dieqo pane., whereas extensive blistering
waus previously noted4 on the Port Hueneme ponel.

Cuating System 4: Epoxy - Coal Tar Epoxy

Neither of the System 4 panels showed dete iorction in any zone.
Cacting System 5. Coal Tar Epoxy - Phenolic

On both of the System 5 panels, the seal coat and underlying .« 2l tar epoxy
coat gove excellent protection. The previously reported3 loss of topcoat had no
effect.

Coating Sysvem 6- Phenolic Mast ¢

Neither of the System 6 panels showed deterioraticn in any zone.
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Coating System 7C: Phenolic

The slight rusting reporteds'4 in the atmospheric zone of the Port Hueneme
System 7C panel had not increased significantly, and the San Diego pane! showed
no deterioration in any zone. The antifouling coat was still effective in restricting
the fouling to a light growth, but a slight amount of the yellow primer was showing
through the block antifouling on both pane's.

Coating System 8: Phenolic-Alkyd

Ther were a few small blisters in the submerged zone of the Port Hueneme
panel but o.nerwise no sign of coating deterioration or rust on eitk~r System § panel.
The antifouling coat was identical to that onn 7C, and fouling was light. But here
too some yellow primer was showing through the black antifouling.

Coating System 9: Vinyl

Neither System 9 panel showed deterioration in any zone. The vinyl antifouling
coating continued to permit only light fouling at both locations.

Coating System 10: High-Body Vinyl

Blisters were numerous on the Port Hueneme System 10 panel, and the steel had
rusted in all three zones. The Son Diege panel woas also blistered and rusted but to
o lesser degree.

Coating System 11: Vinyl Mastic

On the System 11 panel in Port Hueneme, biistering and rusting were severe
in the tidal zone, but the other zones were in comparatively good condition. There
was slightly less blistering and rusting or the San Diego panel, but it occurred in
both the tidal and submerged zones.

Coating System 12: Inorganic Zinc Silicate - Viny! Mastic

The System 12 panel in Port Hueneme had a few blisters in the tidal zone
where the previously noted3:4 delamination of the vinyl mastic coating was concen-
trated. A similar blistering and loss of cocting occurred in both the tidal and
submerged zones of the San Diego panel. The underiying inorganic zinc silicate
had prote:ted both panels from corrosion.
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Coating System 13: Saran

Both System 13 panels were in very good condition. Only a few pin holes of
rust were noted, with some edge-rusting.

CATHODIC PROTECTION RESULTS

The original cothodic protection system! installed on three of the test
mooring buoys utilized a sacrificial magnesium anode, a control head designed to
maintain a potential near -850 millivolts (with respect to a reference silver-silver
chloride half-cell), and o remote ground cable to distribute the protection through-
out the submerged exterior of the buoy. Although values near the desired potential
were obtained when the three cathodically protected buoys were initially installed,
by the time of the second inspection the potential hod fallen to =730 mv. At the
same time, the potential of the buoys without cathodic protection averaged ~650 mv.
The rate of magnesium loss from anodes had also decreased. It appeared that resistance
had developed somewhere in the circuit. The top bronze securing bracket on the
control head was replaced with a steel bracket, and the contact points were sonded
to remove any resistance film. But the potential increased only partially and the
increase was temporary. So, at the third inspection, the original control heads were
replaced with new control heads designed by the supplier to maintain a potential
of =900 mv. After 2 months of service the average potential on cathodically pro-
tected buoys was only 90 mv more than on unprotected buoys.

Consequently, the cathodic protection system on the System 7C buoy was again
modified. The magnesium anode was replaced with a zinc anode, and the remote
ground cable was joined directly to the steel pipe supporting the zinc anode. With
this arrangement, current does not pass through the control head, which now serves
only as a securing bracket. Although both anodes were of the same general size, the
zinc unodes weigh about 145 pounds — approximately double that of the magnesium
anodes. Immediately after the modified buoy was retumed to the water, its potential
was -840 mv. When checked 29 days later, buoy potential was ~980 mv. After 51
days, it was =900 mv with a naval vessel secured to the buoy. At the time of the
present inspection (132 days after the modification), buoy potertial was =930 mv.
The condition of the anode at this time is shown in Figure 18.

The potential of System 6C bucy was =730 mv before the buoy was removed
for inspection, and that of buoys without cathedic protection was =670 mv, There
was very light rust on the studs and nuts which secure the anode assembly. The
cathodic protection system was modified to conform with that on System 7C buoy,
and immediately after returning this tuoy to the water the potential was =890 mv.
Ten doys later it was =820 mv.
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Figure 18. Zinc unode of System 7C after 132 days.

The potential of System 13C buoy was =770 mv before the buoy was removed
for inspection. A vessel had struck the lower end of the cathodic protection unit,
bending securing brackets, the anode pipe, and the lowest protective steel bar
(Figure 19). The brackets and steel bar were straightened, ond this magnesium
anode was also replaced with a zinc anode. The square of bare steel (Figure 19)
previously exposed by wire brushing3/4 was covered with light rust but was not
pitted. There was also light rust on the studs and nuts which secure the anode
assembly. Immediately after retuming the buoy to the water the potential was
-800 mv. The r._xt day it was =820 mv, and 10 days later it was -860 mv.

DISCUSSION

None of the buoy coatings showed significantly greater coating deterioration
since the time of the last inspection. Nor had the aalvaric corrosion of rivet heads
on the Mark | buoys advanced to a very serious extent, Thus, the ratings are very
similar to those in the previous inspection report.4 It appears from these ratings
that severol of these coating systems, properly applied, con serve better than those
previously used on mooring buoys in San Ciego Bay. The cond:tions of the buoy
coating systems at the time of each inspection are summarized in Table IV.
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Figure 19, Portion of System 13C buoy showing bent cathodic
protection unit and rusted square of bare steel.

Both the shipbottom black (Mil-P-19449) antifouling coatings of Systems 7C
and 8, and the vinyl (Mil-P=15931A) antifouling coating of Systems 9 had lost most
of their antifouling properties after about 20 months of service on the test buoys. The
test panels with these coating systems, however, were still restricting the fouling to
a light growth in both harbors. This is consistent with the general opinion that the
effectiveness of antifouling paints falls off ropidly aiter 18 months of service. [t
should also be noted that the buoys were located in areas where fairly strong currents
occur, while both panel exposure locations are relatively quiet areus. Thus, the
toxic constituents of the antifouling coatings might be expected to leach more
rapidly on buoys than they would on the panels. The marine environment of the
San Dieyo test panels had again changed, as indicated by the presence of shrimp for
the first time on these panels. As previously reported,4 there were no bryozoa on
San Diego ponels, but they were found on 5an Diego buovs and Port Hueneme ponels.

The coating systems rated good or good=-fair on test buoys (Table il) showed
slight or no deterioration on test panels after 18 months. In all cases, the coating
systems on the buoys had abrasion domage from naval vessels. The white topcoat of
all the coating systems had discolored but none seriously. Only those systems with
significant deterioration problems wili be turther discussed in thi, section,
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Coating System

10

11

12

13

13C

Table 1V. Condition of Buoy Coatings at Time of Each lnspecﬁon“/

T 1 v 1 | SR T vV r oo ryro7Ty 9 r Yy 1Ty a | L ¥ 1
G G G G ]
G G G G |
G ; ; ; |
- !
G G-F G-F G-F Ji
G G-F F F |
4
G G G f
1
G G G G E
G G G G
3 G G G
E 3 G G
G F F F
A p p/ ,_
4
F F F F 1'
G G-F G-F G-F o
|
G (
T W W S O U VS U W W W M UK G T U S T W U U U S R U U
é 12 18 24
Cumulative Time (months)
1/ Ratings:
E - excellent
G - good
F - fair
P poor

_Z/ Removed after 19 months
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In Coating System 3 (epoxy~-polyester), much of the polyester topcoats was
lost after 1 year of exposure, but even after 2 years the primer was still effective in
protecting the buoys and panels from corrosion. The epoxy primer pigmented with
zinc chromate is identical to the primer of System 2.

In Coating System 4 (epoxy - coal tar epoxy), although 40 percent of the epoxy
seal coat and topcoot had delaminated in the submerged zone of the buoy, the under-
lying coal tar epoxy and epoxy primer were providing good protection. The same
coating system on the panels was in excellent condition ofter 18 months. Again, no
explanation could be found for the difference in behavior of Coating System 4 on
the buoy and the test ponels.

Coating System 5 (coal tar epoxy-phenolic) had lost sizeable portions of the
topcoat in the tidal ond submerged zones of both panels, exposing the gray seal coat.
This did not occur on the buoy. The coating system was still providing good protec-
tion on test panels and fair protection on the buoy.

The blistering and rusting associated with Coating System 10 (high~body vinyl)
had not increased appreciably on either the buoy or test panels since the previous
inspection.

In Coating System 12 (inorganic zinc silicate - vinyl mastic), large portions of
the vinyl mostic topcoat had been lost from the submerged portions of both panels
ond buoys. But the inorganic zinc silicate continued to protect the steel.

The three newly designed control heads placed on cathodically protected
buoys did not raise the buoy potentials into the desired range. Although light
rusting occurred on the bare square of steel on the System 13C buoy, the potential
produced prevented pitting. Peterson and Walidron6 found that a low potential may
prevent pitting, even though it ollows light rusting. The high potentials on the
System 7C buoy after the magnesium anode was replaced with a zinc anode indicates
that the circuit resistance in the originol system was in the control head and not in
the ground cable. These potentials also indicate that the zinc was not passivated to
any significant extent.

FINDINGS

1. On eight of the test buoys, the coating systems were in good condition; six showed
varying degrees of intermediate deterioration.

2. The condition of the coatings had not chonged much since the previous inspection.
3. The antifouling coats on the test mooring buoys retained very little ontifouling

efficacy ofter 20 months. The vinyl and shipbottom block antifouling coatings on
test panels, however, were still retarding fouling after 18 months of exposure.
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4, The galvanic corrosion of rivet heads, noted on most of the Mark | buoys in the
previous inspection, had not increased significontly.

5. The newly designed control heads, placed on the three cathodically protected
buoys in the previous inspection, did not maintain the buoy potential at the desired
level.

6. The replacement of magnesium anodes with zinc increased buoy potentials to the
desired level and maintained them for the short term herein reported.

CONCLUSIONS

1. Several of these coating systems, properly applied, can serve better than those
previously used on mooring buoys in San Diego Bay.

2, The resistance which developed in the original cathodic protection system was
in the control head.
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Appendix A
RATINGS OF BUOYS WITH TEST COATINGS

Coating System 1: Urethone
No. of Days in Service: 787 Overall Condition: Good

Amount of use: Light Type of Mooring: Bow ond Stem

Condition Roted Atworic §Elash M

Color 9 9 -
Cholking 4 4 -
Blistering N, 10 N, 10 N, 10
Checking 10 10 10
Crocking 10 10 10
Flaking (scaling) 10 10 10
trosion 10 10 10
Rusting, Tvpe |* 9 9 9
Rusting, Type HI** 10 10 10
Fouling, omount - heavy heavy
Guono, amount light - -
Structurul domoge none none none

Type | - Without blistering
** Type |I - With blistering
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§ Coating System 2: Epoxy

: No. of Days in Service: 747 Overall Condition: Good

Amount of use: Heavy Type of Mooring: Bow and Stermn

! Condition Rated Atmospheric Splash Submerged
Color 9 9 -
Chalking 8 8 -
Blistering N, 10 N, 10 N, 10
Checking 10 10 ~
Crocking 10 10 10
Flaking (scaling) 10 10 -
Erosion 10 10 10
Rusting, Type | 4 10 9
Rusting, Type i 10 10 10
Fouling, omount - heavy heavy
Guano, amount medium - -
Structurol domoge none none dent in

steel plate
7




Coating System 3: Epoxy - Polyester

Ne. of Days in Service: 747 Overall Condition: Fair

Amount of yse: Heavy Type of Mooring: Bow and Stem
Condition Rated éf@:ﬁ@ Splash Submerged
Color 9 9 -
Chalking 8 8 -
Blistering N, 10 N, 10 N, 10
Checking 0 10 10
Cracking 10 10 10
Floking (scoling) 10 5+ _ g
Frosion 10 10 10
Rusting, Type i 9 9 9
Rusting, Type I 10 10 10
Fouting, omount - heavy heavy
Guono, amount medium - -
Struciurol damage fende: splintered none  fender splintered

* Topcoat st exposing orimer




Coating System 4: Epoxy - Coa! Tar Epoxy

No. of Days in Service: 787 Overall Condition: Geod

Amount of use: Heavy Type of Mooring: Bow and Stem
Condition Roted Atmospheric Splash Submerged
Color 9 9 -
Chalking 8 8 -
Blistering N, 10 N, 10 N, 10
Checking 10 10 10
Cracking 0 10 10
Floking (scaling) 10 10 6*
Erosion 0 10 10
Risting, Type | 9 9 10
Rusting, Type i 19 10 10
Fouling, omount - light medium
Guaro omount light - -
Structural domage none nonre none

* Delominarion of topcoat and seal coct, exposing coa! tar epoxy coating




Coating System 5: Coal Tar Epoxy - Phenolic

No. of Days in Service: 746 Overali Condition: Fair

Amount of use: Light Type of Mocring: Bow and Stem
Condition Rated Atmospheric Splash Submerged
Color 9 9 o~
Chalking 8 8 -
Blistering N, 10 N, 10 N, 10
Checking 10 10 10
Cracking 10 10 10
Flaking (scaling) 10 10 10
Erosion 10 10 10
Rusting, Type ! 7 9 Qe
Rusting, Type i 10 10 10
Fouling, amount - medium medium
Guano, amount light - -
Structura!l damage none none none

* Rivet heads were badly corroded
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Coating System &: Phenolic Mastic

No. of Days in Service: 745 Overall Condition: (?oc.!

Amount of use: Heavy Type of Mooring: Bow and Stem
Condition Rated Atrospheric Splash Subme.ged
Color Q 9 -
Chalking 6 6 -
Blistering N, i0 N, 10 N, 10
Checking 10 10 10
Cracking 10 10 10
Flaking (scaling) 10 10 10
Erosion 10 10 10
Rusting, Type | 8 9 9*
Rusting, Type I 10 10 10
Fouling, amount - medium medium
Guano, amount light - -
Structural damage dent in side broken fender dent in

broken fender steel plate

* Rivet heads were badly corroded
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Coating System 6C: Phenoiic Mastic

No. of Days in Service: 746

Amount of use: Light

Condition Rated

Color

Chalking
Blistering
Checking
Cracking
Flaking (scaling)
Erosion

Rusting, Type |
Rusting, Type Il
Fouling, amount

Guano, amount

Structural damage

light

splintered
fender

32

Overall Condition: Good

Type of Mooring:

Splash

9

8
N, 10

10

10

10

10

9

10
light

none

Bow and Stemn

Submerged

N, 10
10
10
10
10
b4
10

medium

none




Aty v e i, o
A Ao b e . gttt i

T R ot o N, A B < D e em s

Coating System 7C:

No. of Days in Service: 599

Amount of use: Light

Condition Rated Atmospheric
Color 9
Chalking 6
Blistering N, 10
Checking 10
Cracking 10
Flaking (scaling) 10
Erosion 10
Rusting, Type | 9
Rusting, Type 1! 10
Fouling, amount -
Guano, amount medium
tructural domage none

* Antifouling only

e e e g et 0 B
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Phenolic

Overall Condition: Good

Type of Mooring: Free-Swinging

Splash

Light

ncne

Submerged

medium

none




Coating System 8: Phenolic - Alkyd

No. of Days in Service: 400

Amount of use: Light

Condition Rated

Color

Chalking
Blistering
Checking
Cracking
Flaking (scaling)
Erosion

Rusting, Type |
Rusting, Type ||
Fouling, amount
Guano, amount

Structural damage

* Antifouling only

light

none

Overall Condition: Good

Type of Mooring: Free-Swinging

Splash Submerged
9 -
) -
N, 10 N, 10
10 10
10 10
10 10
10 9+
9 9
10 10
light medium
none none

S e
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Coating System 9: Vinyl

No. of Days in Service: 622 Overall Condition: Good

Amount of use: light Type of Mooring: Free-Swinging
Condition Rated Atmospheric Splash Submerged
Color ° 10 -
Chalking 8 8 -
Blistering N, 10 N, 10 N, 10
Checking N, 10 10 10
Cracking N, 10 10 10
Flaking (scaling) N, 10 10 10
Erosion N, 10 10 10
Rusting, Type | 9 9 9
Rusting, Type I 10 10 10
Fouling, omount - heavy medium
Guano, amount light - -
Structural domage none none dent in

steel plate




Coating System 10: High-Body Vinyl

No. of Doys in Service: 713 Overall Condition: Fair

Amount of use: light Type of Mooring: Free-Swinging
Condition Rated Atmospheric Splash Submerged
Color 9 9 -
Chalking 6 ) -
Biistering F, 2 F, 2 F, 2
Checking 10 10 10
Crocking 10 10 10
Flaking (scaling) 10 10 10
Erosion 10 10 10
Rusting, Type | 9 8 9
Rusting, Type Hi 10 10 10
Fouling, amount - medium medium
Guono, amount light - -
Structural domage none fender splintered none




Coating System 12: Inorganic Zinc Silicate - Vinyl Mastic

No. of Days in Service: 788

Amount of use: Light

Condition Rated

Color

Chalking
Blistering
Checking
Cracking
Fioking (scaling)
Erosion

Rusting, Type |
Rusting, Type II
Fouling, amount
Guono, amount

Structural domage
* Topcoot only

** Top edge only

Atmoggheric

9**
10

light

none
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Overall Condition: Fair

Type of Mooring: Bow ond Stem

Splash

fight

none

Submerged

N, 10
10
10
5%
10
10
10
medium

none




Coating System 13: Saran

No. of Days in Service: 746 Cverall Condition: Good-Fair

Amount of use: Light Type of Mooring: Bow and Stem

Condition Rated Atmospheric Splash Submerged

Color 9 9 -
Chalking 8 8 -
Blistering N, 10 N, 10 N, 10
Checking 10 10 10
Cracking 10 10 10
Flaking (scaling) 10 10 10
Erosion 10 10 10
Rusting, Type | ¢ 9 8
Rusting, Type II 10 10 9
Fouling, omount - heavy heovy
Guono, amount light - -
Structural domage none fender splintered none

dent in steel plate




No. of Days in Service:

Amount of use: Light

Condition Rated

Color

Chalking
Blistering
Checking
Crocking
Flaking (scoling)
Erosion

Rusting, Type |
Rusting, Type I!
Fouling, amount
Guono, amount
Structural domage

Coating System 13C: Saran

753

medium

dent in
steel plate

Overoll Condition: Good

Type of Mooring: Free-Swinging

S_!_la_:h Submerged
9 -
10 -
N, 10 N, 10
10 10
10 10
10 10
10 10
9 10
10 10
light medium
dent in none
steel plate




Appendix B
RATING OF TEST PANELS AT PORT HUENEME AND SAN DIEGO
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Cooting System No, ! 2
£x§fwm Site PH SD * PH sO PH -
Ponel Zone (&Y R ¥l A 7 slA T sl a 7 s| A 1 s
General Protection | 9 16 10(10 10 10]10 1¢ 10|10 10 10| 9 9 10
Cholking 4 - -y~ - A o - - -8 - -
éChecking (¢ 10 1670 30 W10 0 10|10 10 10|10 10 0
Blistering, size | 16 10 6310 10 W0(10 10 0 10 10 16|10 6 6
Blistering, frecuency N‘Sf M NN N NIN N N N N NI N Mng GZ
| Flaking 010 10010 10 10]10 10 10 {16 10 10|10 8 g2
Cracking 10 W0 i ; 10 10 10110 10 10 10 10 10110 10 10
Undercuiting 110 10 10110 10 W60 10 10 100 10 10110 10 10
Rusting, Type ! 9}}/ 10 61 10 10:10 10 10 i 10 10 9 9 10
Rusting, Ty.e il 10 W 110 10 10710 10 10 0 10 10110 10 10
Pitting : 010 W10 W g Ie 10 10 1 16 10 {10 10 10
Fouling, amount 1= ¥ tl=M¥ ¥~ M L |- M H]| - L
Fouiing, oreumj - t 2! - 4 0]~ 2 3 - 4 2 - 4 2
I PlontArea |~ 2 8{- 8 8|~ 8 8381 - 6 8|~ 9 1
2. Animxl Area |~ 10 3 P 5 0| - 3 - . 2 - 4 )
a. Tonicates | = 10 10} = 16 0(= 10 0| = 10 2|~ 10 10
b. Benocles |{—- 10 8} - 5 ¢ - 3 8 - 5 8 - 4 9
¢. Mussels - W 9/ - &8 8§i~- 10 9 - 10 9 - 10 10
d. Bryoz~o - i0 8~ 10 Wi-= G 5 -~ 10 10 - 10 J)
e. Hydroids ~ o 7~ 8 8~ 10 7l o- ? 9 - 10 8
f. Tube Worms | ~ W 5| - W 91—~ 10 & - 10 9 - iQ 9
Overail Rating 10 10 10 G 9
1/ A = atmospheric zone 37 N = none 9 L = light
2/ T = tidal zwoe 6/ H = heavy 10/ 0 = 100% fouled: 10 = 0% fouled
3/ 5 = submerged zone 7/ D = dense il F = few
4/ Antifouling top coat only 8/ M = medium 12/ Antifouling and top coat lost exposing p
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3 5
St PH SD PH SD PH $O
) AT S A T SITA T 351 A T S A T S| A T S|A T §
10 10 10 10 {16 10 1010 10 10|10 10 10 10 10 10 10 10 010 0 10
-l = = | 8 = == - =16 - - - - - 6 = —=|= = -
i0 10 10 10 110 10 1010 10 10110 10 10 10 10 10 10 10 1010 10 10
é6 {10 10 10 |10 10 1010 10 10 (i0 10 10 10 10 10 10 10 10;10 10 10
DZ/ N N NIN N NIN N N|N N N N N N N N N[N N N
Wiho 2% 2% 101000 10 10|10 3% ¥ 0 1 0% 10 10 1010 10 10
10 {10 10 10 {10 10 10{10 10 10 {10 10 10 10 10 LY 10 10 10|10 10 10
10 j1¢ 10 10 {10 10 10|10 10 10 {10 10 10 10 10 10 10 10 10{10 10 10
W0 (16 10 10 {10 10 10(10 10 10 {10 10 10 10 10 10 10 10 10;1C 10 10
10 |16 10 10 116 10 10410 10 10 {10 30 10 10 10 10 10 10 1010 10 10
16 13 10 10 (1 10 10110 10 10 {10 10 10 10 10 10 10 10 10|10 10 10
Ly - L H|- L M|=- M HI-M M - 1L H - M M| - H
2 | - 3 2 |~ 2 2{— 4 - 1 1 - 6 2 - 1 1= 7 2
4 | - 5 % l= 9 9= 7 7|= 9 9 - 9 - 9 8|~ 7 8
57 - 6 2 |- 2 2|~ &6 1]~ 1 ] - 7 2 - 2 1|- 8 2
10 | - 10 7 {—= 1010}~ 10 1 |- 10 10 (- 10 5 - 1010~ 10 2
9 | - é 8 | - 2 8{- 8 10!— 1 @ |- 7 |- 2 ¢ ~- 8 9
0| - 10 = 10 9|~ 9 9|-— 9 9 {— 10 9| - 8 9= 10 9
S ¢y— W 10 (- 16 2|~ 10 0|~ 10 6 - 10 10 - 10 8|- 10 10
8 | - 9 @ {~- 10 8|~ 9 9 |~ 10 6§ | - 9 9 - 10 6|— 9 9
9 1=~ 10 10 |~ 10 4|~ 10 10|~ 10 5 - 10 9 - 10 66— 10 9
9 10 10 9 10 10
13/ A few pin holes only 15/ impoisible to determine chalking on San Di2go panels
14/ Delamination of primer ond top coat because of extremely high tide at time of inspection
exposing zinc silicate coating 16/ Loss oi top coat exposing gray seal coot
] primer

Continued




oating System No. 7C
Exposure Site PH $O PH $D PH SO
Pane! Zone A T S|A 7T AT SIA T SIA T S|IA T StA §
.eneral Protection 9 10 10710 10 10 10 10{10 10 10{10 10 10{10 10 0| ¢ y
halking 8 - =] - - 8 = =|= = =10 = =]= =« <110 -
hecking 10 10 10]10 10 0 10 10|10 10 10{10 10 10{10 10 10]1C [
listering, <ive 10 10 10110 10 10 10 8110 10 10§10 10 10|10 10 10| 6 :
listering, frequency [N N N | N N N NFYIN N N[N N N|N N NJ|F N
laking 10 10 10]10 10 0 10 10| 10 10110 10 10/10 10 10]10 Il
racking 10 10 10(10 10 10 10 10}10 10 10]10 10 10|10 10 10}10 |
ndercutting 10 10 10} 10 10 10 10 1010 10 10510 10 10110 10 10|10 [l
ssting, Type | 9 10 16|10 10 0 10 10/10 10 10§10 10 10{:0 10 10 9 [
usting, Type I 10 10 101]10 10 10 10 1010 10 10|10 10 10|70 10 10| 8
itting 10 10 1610 10 10 10 10j10 10 1010 10 10|10 10 10| 8
ovling, amount - L L] =- L{~ L Li- L L}|- L|- L L}|- N
wling, araow - 6 1| - 6|—- 9 8|~ 6 6|~ 4 V1|=- 7 7|~
1. Plant Area - 1} - 8j—~ 9 - 6 6| - V- 7 7| - ‘
2. Animal Area - 9 9| - 6 9= 10 10|= 7 9!~ 0| - 7 8-
a. Tunicates - 10 10|~ 10 9|~ 10 0}~ 10 9= 10 10|—= 10 9|-— li
b. Bamacles - 9/ - 6 9=~ 10 0= 9 7{= 9 W|= 7 9|~
c. Mussels - 10 10} - 10 -~ 10 10— 10 10{~= 10 10|=- 9 9|- !
d. Bryozoo - 10 10, - 10 - 10 10|-= 10 1C{ - 10 10|— 10 10|~ ¢
e. Hydroids - 10 10| - 10 ~ 10 10|-= 10 10{~-= 10 0| - 9 10| - ¢
f. TubeWoms| - 10 10| -~ 10 - 10 0j- W0 9|~= 10 1W0|- 10 9f- 4
Overall Rating 10 10 10 10 10 10
A = atmospheric zone 2/ N = none S L = light Y.
T = tidal zone 6/ H = heavy 10/ 0 = 100% fouled; 10 = 0% rouled 14/ |
= submerged zone 7/ D = dense Ny F = few '
Antifouling top coat only 8/ M = medium 12/ Antifouling and top coat iost exposing primer




10 12 13
P $D PH SD PH sD PH $D
sIa T s|AaT s|AT s, AT S|A T s|aA T s|la 7T s
719 9 9|9 5 9[w & sfwiwwl/wiw w0 |9 9 10| 9 9
- = =8 = =] = |8 = =|= = =]~ =|- - =
0]10 10 10]10 10 1010 10 1010 10 10f10 10 10 |10 10 10|10 10 10
2(10 2 2|10 2 2f10 2 2[00 21010 2 2 ]w 1w 10w 10 w0
M{N F FIN M F|N MINF NIN F F|NN N|NNN
0{10 101010 7 9{16 6 810 40l 2% ¥|[ 10 10 10{10 10 10
10/10 10 16{10 10 1010 10 1910 10 10|10 10 10 |10 10 10|10 10 10
10 |10 10 6 10[10 8 8|10 10 1010 10 10 |10 10 10010 10 10
0|9 9 6 10f{10 8 61010 w|wiw 10| v 1wl 9 9
719 0 6 afo 8 8f10 10 10/1w1w 10 1010 10|10 10 10
719 10 10/}10 9 10f10 9 910 10 10|10 10 10 {1010 10|10 10 10
Ml = LM{=MM|[= L M-MM|=- L M|=M M|- H
1l = 6 2{= 1 1]= 4 3|= 1 1|=5 5 | =11 1= 2
9| - ol 9 o|l- 4 8|~ 9| - 8 |- 9 9]- 8
1| - 2= 1 1]- 9 4|- 1] - 5 | -1 - 2
0| - 10 2|- 10 10— 10 4|= 10 10[-10 6| -1 10|-10 2
7l = 7 9ol= 1 9f= 8 10|~ 8l- 8 10 | =2 9|~ 7 9
50— 10 9|—10 9|=10 9= 9 7|—-10 9| =7 9o|l-1w 9
6| = 10 w0|=10 7|=100|=10 7/-10 10| =10 7]= 1010
8 = 9 9|=10 s|l- 9 9l—10 6|/=9 9l =10 |- 9 9
4| = 10 9|10 5|=10 9]=10 6|-10 - 10 6= 10 10
9 7 8 9 9 10 9

/ A few pin holes only
/ Delamination of primer and top coat
exposing zinc silicata coating

15/ Impossible to determine chalking on Son Diego ponels

because of extremely high tide at time of inspection
16/ Loss of top coat exposing gray seal coat
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SNDL No. of Total

Code Activities Copres

Jaé 1 ! Personnel Lenter '

J48 1 1 Construction Training Unit

J60 1 1 Schoo! Academy §

165 1 1 Schooi CEC Officers

J84 1 1 School Postgraduate

J90 ] 1 School Supply Corps i

J9s 1 1 School War College i

J99 1 i Communicotion Training Center ‘
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end Annapolis oniy)
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Son Salvador; ond Eleuthero only)

L42 2 2 Fleet Activities — BuShips

M27 4 4 Supply Center

M28 6 6 Supply Dapot (except Guentanemo Bey; Subic Bey; end Yokesuke)

M6 2 2 Aviation Supply Office

NI 6 18 B8uDocks Director, Overseas Division

N2 9 27 Public Works Offices

NS 3 9 Construction Batielion Center

Né6 5 5 Construction Offices-in-Cherge

N7 1 1 Censtruction Resident-Off:cer-«n-Charge

N9 ) 12 Public Werks Certer

N4 ! 1 Heusing Activity

RY 2 2 Recruit Depots :

R0 2 2 Supply instellatiens (Albeny ond Berstow only) ,,

R20 1 1 Me: ne Corps Schoois (Quentico) {;

Ré4 3 3 Merine Corps Bese

R66 1 1 Merine Corps Cems Detachment (Teagen only) i

wiAl 6 6 Awr Statian

WIAZ 3% 35 Air Station %

wig [} 8 Aie Station Auxihiary 2{
[ 3
'
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Chief, Buroau of Yards ond Docks (Code 42)
Noval Forces Commenders (Teiwon oniy)
Construction Bottolions

Mobile Construction Bottalions
Amphibious Conatruction Bettalions
Conatruction Battelion Bose Unita

Chief of Naval Reseerch - Only

Chiel of Naval Operation (OP-07, OP-04)
Burvaus

Colleges

Laboratory ONR (Washingten, D. C. only)
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